Glitches are common phenomena in pulsars. After each glitch, there is usually a permanent increase in the pulsar's spin-down rate. Therefore a pulsar's present spindown rate may be much higher than its initial value. Thus the characteristic age of a pulsar based on its present spin-down rate and period may be shorter than a pulsar's age. At the same time, the permanent increase of its spin-down rate implies that the pulsar's surface magnetic field is increased after each glitch. Consequently after many glitches some radio pulsars may evolve into AXPs and SGRs, i.e., strongly magnetized and slowly rotating neutron stars.
Introduction
Pulsars are now accepted to be rapidly rotating and highly magnetized neutron stars. The surface magnetic field of a neutron star may be estimated from the observed period and period derivative; B ≈ 3.3 × 10 19 PṖ , if we assume that the pulsar's spin-down energy is overwhelmingly consumed by magnetic dipole radiation, the so-called magnetic-braking model (Pacini 1968) . It is also suggested that some pulsars might have experienced "propeller" phases as the consequence of the fall-back disks caused by the incomplete supernova explosions (Illarionov & Sunyaev 1975; Lin et al. 1991) . In the propeller phase, an extra spin-down torque is introduced by the accretion disk;Ω ∝ (1 − Ω Ωeq ), where Ω = 2π P is the angular frequency and Ω > Ω eq , where Ω eq is a critical angular frequency at which the Keplerian radius of the disk equals to the magnetospheric radius (Menou et al. 1999 ). In both above scenarios, if we simply assume that all pulsar were born similarly and their surface magnetic fields did not change during their subsequent spin-down lives, all observed pulsars should show an overall anti-correlation between their period and spin-down rate. However, in Fig.1 , the pulsars (including AXPs and SGRs) with longer spin periods tend to have higher surface magnetic field, as inferred from B ≈ 3.3 × 10 19 PṖ . Therefore we are forced to the conclusion that either all pulsars were born significantly differently, or they were born similarly but their surface magnetic fields have been increased during their spin-down life, resulting in a positive correlation between their surface magnetic fields and spin periods.
Pulsar glitches (sudden frequency jumps of a magnitude ∆Ω Ω ∼ 10 −9 to 10 −6 , accompanied by the jumps of the spin-down rate with a of magnitude ∆Ω Ω ∼ 10 −3 to 10 −2 ) are a common phenomenon. A relaxation usually happens after a glitch. However neither the period nor the spin-down rate could be recovered completely. For example, both the Crab pulsar and the Vela pulsar were found to have a slow increase in their spin-down rates during the last tens of years (Smith 1999) . This "unhealed change" in the spin-down rate might be due to the expelled magnetic field from the core to the surface after each glitch, increasing the surface magnetic field of a pulsar (Ruderman et al. 1998 ).
In the magnetic-braking model, a pulsar's age may be estimated by its characteristic age
, assuming that the initial period of a pulsar is much smaller than its present value. However for many pulsars with supernova remnant associations, their characteristic ages are systematically much shorter than the ages of the associated supernova remnants (see Table. Table 1 : Among all glitching radio pulsars which are associated or may be associated with SNRs, most of their characteristic ages are less than the ages of their SNRs, except for two pulsars whose association with SNRs are questionable. The question marks mean that there are some arguments against the association between the pulsars and the SNRs. The ages of the above SNRs are from (a) the record of ancient Chinese observations, (b) (Aschenbach et al. 1995) , (c) (Caswell et al. 1992) , (d) (Dodson & Golap 2002) , (e) (Gaensler & Frail 2000) , (f) (Rho & Borkowski 2002) , (g) (Finley & Ogelman 1994) , (h) (Blanton & Helfand 1996) .
PSR B1757-24 is a typical radio pulsar with P = 0.125 s andṖ = 1.28 × 10 −13 s s −1 , its characteristic age is 16000 yrs. However the associated supernova remnant is believed to be produced between 39000 to 170000 yrs ago (Frail 1991; Gaensler & Frail 2000) . A fall-back disk model was proposed to explain the age discrepancy (Marsden et al. 2001; Shi & Xu 2003) . However a pulsar in a propeller phase should produce a dim thermal x-ray emission, contrary to the observed bright non-thermal emission which is consistent with the standard magnetospheric emission model (Kaspi et al. 2001) . Alternatively, the pulsar glitches may be the source of the above age discrepancy. Usually after a glitch, both the period and the spin-down rate of the pulsar are changed, though the period change is usually negligible. However the accumulated increase in the spin-down rate after many glitches will cause a underestimation to the pulsar's age.
In this work we investigate the roles of pulsar's glitches in the long term evolution of pulsars, in order to explain the observed positive correlation between pulsars' surface magnetic fields and their periods, and the large discrepancy between pulsars' characteristic ages and their associated supernova remnants.
Long term evolution of pulsars caused by glitches
We take PSR B1757-24 as an example to illustrate the long term evolutionary effects caused by pulsars' glitches. A giant glitch in PSR B1757-24 was reported (Lyne et al. 1996) . The longterm post-glitch relaxation fit shows that ∆Ṗṗ P ≈ 0.0037. Assuming that similar giant glitches have happened repeatedly in the past, we can describe its spin-down history by the following three equations:
( 1) where τ n is the interval between two adjacent glitches. Previous observations indicate that the glitch rate may be negatively related to the pulsar's spin-down age (Lyne et al. 2000) . Theoretically it has been shown τ n ∝ T s (Ruderman et al. 1998) . We adopt this relation in our calculations. Assuming that between two adjacent glitches, the surface magnetic field of the pulsar remains constant, we haveṖ
For PSR B1757-24 we assume the following relationship is true for every glitch:
where α = 1.0037 for PSR B1757-24.
Taking its present values of P = 0.125 s andṖ n = 1.28 × 10 −13 s s −1 and assuming that its true age is τ = 10 5 yrs and its initial period is P 0 = 10 ms, we get n = 1495 from the above equations and its initial surface magnetic field is about 2.6 × 10 11 Gauss. We can also estimate that its glitch rate would be about once per 3.4 years when it was 1000 years old, similar with the observed glitch rate for the Crab pulsar. If we assume that future glitch rate for PSR B1757-24 will continue to follow this pattern, then after 2 × 10 5 years, its characteristics will be similar to AXPs as shown in Fig.1 . Assuming that all pulsars were born with the same surface magnetic field and spin period, but different glitch properties, their different evolutionary paths are also shown in Fig.1 for different values of ∆Ṗ P . The equal-age lines are also shown in the figure, in contrast to the characteristic ages of pulsars based simply on their present day period and spin-down rate without taking into account of pulsar glitches. Under the same assumption, in Fig.2 we show the estimated ages for the pulsars with given P andṖ .
Conclusions and discussion
Based on our results presented above, we have the following conclusions and remarks:
(1) Pulsar glitches, especially the permanent changes to their spin-down rates, are important for the long term evolutions of pulsars. The previous evolutionary history and future "fate" of a pulsar may be calculated within the frame work of the magnetic-braking model, if its glitch properties are known.
(2) If we assume all pulsars were born similarly, then the positive P − B correlation may be explained naturally. However any slight differences in the initial conditions for different pulsars may cause a large uncertainties for their age estimates when pulsars are younger than 10 5 years , as seen in Fig.1 and Fig.2 ; the age estimated from our model is reliable only for those pulsars older than 10 5 years, such as PSR B1757-24.
(3) Our model suggests that some radio pulsars, such as PSR B1757-24 and other pulsars which exhibit large values of permanent changes to their spin-down rates after each glitch and are thus along similar evolutionary paths shown in Fig. 1 , may eventually evolve into AXPs and SGRs within 10 5 to 10 6 years after their birth, contrary to the popular "magnetar" model in which they are young neutron stars born with very high magnetic fields (Duncan & Thompson 1992) . Our model requires that AXPs and SGRs have glitches with large amplitudes of permanent changes in their spin-down rates and a glitch rate of once per several years; this is consistent with the observed glitch properties of AXPs (Osso et al. 2003; Kaspi et al. 2003) . However, the association of SNRs (aged between 10 3 to 10 4 years) with two AXPs (Gotthelf & Vasisht 1997; Rho & Petre 1997) indicates that some AXPs may be born with very strong magnetic fields (Duncan & Thompson 1992) , or their glitch histories are significantly different from known radio pulsars.
(4) In our model, the small number of known AXPs and SGRs compared to "regular" radio pulsars requires their progenitors should also be rare. This is consistent with the small number of pulsars along the evolutionary paths leading to AXPs and SGRs, as can be seen in Fig.1. (5) Our model does not include the long term magnetic field decay (MFD) of pulsars (Gunn & Ostriker 1970) . However for pulsars with active glitches, the magnetic field increase by glitches overwhelms the slow magnetic field decay. In the case that the significant magnetic field decay is inevitable such as the magnetars whose X-ray emission is believed to be powered by the magnetic field decay energy, our model infers a time scale of only 3 × 10 4 years for the magnetic field to increase from 10 14 Gauss to 10 15 Gauss. In contrast, the estimated time scale of MFD (induced by the Hall cascade) from 10 14 Gauss to 10 13 Gauss is 10 5 years, and it takes more than 10 7 years for the same amount of decay driven by ambipolar diffusion (Colpi et al. 2000) . A more realistic model for pulsars with "weak" glitch properties should also include the long term magnetic field decay process. We will investigate this in the future.
(6) In Fig.2 the age and glitch properties are estimated for most pulsars. These predictions may be tested with future pulsar and SNR observations.
(7) Our model is not applicable to those millisecond pulsars since they may have experienced the "recycle" process.
(8) Finally we should mention that since our model does not assume different radiation mechanisms for all pulsars, the birth and death lines for pulsars remain unchanged. The dotted-line is the "death-line" for radio pulsars (Chen & Ruderman 1993) . The magnetic field evolution of pulsars are caused by the permanent changes to the spin-down rates after glitches. Different solid lines denote different values of ∆Ṗ P
. The line for ∆Ṗ P = 0.0037 is the evolutionary path of PSR B1757-24, calculated from equations (1), (2) and (3). Assuming that all pulsars were born with the same initial surface magnetic field and spin period, but different glitch properties, their different evolutionary paths are also shown for different values of ∆Ṗ P . Pulsars on the same dashed-lines have the same age as calculated in our model, in contrast to the characteristic ages (dashed-dotted lines) of pulsars based simply on their present day period and spin-down rate without taking into account of pulsar glitches. Fig. 2 .-Assuming the same initial condition, for given P andṖ we can calculate the pulsar's age from equations (1), (2) and (3). Since the effect caused by the glitches is a accumulated process, our model for pulsar's age estimate is reliable only for pulsars older than 10 5 years, but has considerable uncertainties for younger pulsars. The solid lines are for the different values ofṖ .
